Background: 24 The availability of both pedigree and genomic sources of information for animal 25 breeding and genetics has created new challenges in understanding how best they 26 may be utilized and how they may be interpreted. This study computed the variance 27 components obtained using genomic information and compared these to the variances 28 obtained using pedigree in a population generated to estimate non-additive genetic 29 variance. Further, the impact of assumptions concerning Hardy-Weinberg Equilibrium 30 (HWE) on the component estimates was examined. The magnitude of inbreeding 31 depression for important commercial traits in Nile tilapia was estimated for the first 32 time, here using genomic data. 33 
control parameters had been applied. From the marker genotypes, the individual 138 homozygosity was calculated as the proportion of homozygous loci per individual, and 139 was incorporated into the models described below as a covariate for detecting 140 directional dominance [19] . 141 Of the 1882 genotyped, 1119 individuals from 74 full-sib families with an average of 142 15.1 offspring per full-sib family (range 1 to 44; standard deviation = 11.2) had 143 phenotypic observation and were used for further analysis. Supplementary 1 shows 144 the data structure and descriptive statistics in Tables S1.1 and S1.2 respectively, 145 whereas scatterplots and the phenotypic correlations for these individuals are shown 146 in Figure S1 where, y is the vector of records; β is the vector of fixed effects that account for 164 reciprocal cross ( the additive by additive epistatic relationship matrix, where k is the scaling factor as 185 described below and # is the Hadamard product of the two matrices given by (G#G)ij 186 = gij 2 for elements in the indices i and j.
187
The phenotypic variance was calculated as σ 2 P = σ 2 A + σ 2 D + σ 2 Eaa + σ 2 M + σ 2 E, and 188 the estimated variance components were expressed relative to the total phenotypic 189 variance (σ 2 P): additive heritability (h 2 ) = σ 2 A / σ 2 P, dominance ratio (d 2 ) = σ 2 D / σ 2 P and 190 maternal ratio (m 2 ) = σ 2 M / σ 2 P. Broad sense heritability (H 2 ) was calculated as (σ 2 A + 191 σ 2 D + σ 2 Eaa) / σ 2 P and the terms not in a model were set to 0. The variances obtained where, Hd contains dominance coefficients (hd) defined for animal i and marker j 211 by:
The epistatic relationship matrices were then calculated from the Hadamard projects 214 and scaled using the average of the diagonals. Therefore, the additive by additive
The HWE approach assumes that the population is under HWE equilibrium both in its 218 scaling and in calculating the contrast for defining dominance deviations. If the locus 219 is not in HWE the dominance contrast is not orthogonal to that for the additive effect, The scaling factor k for epistatic relationship matrices using the HWE approach was 229 1, so the additive by additive epistatic relationship matrix is simply the Hadamard 230 product between the two matrices. The scatterplots for different relationship matrices 231 are presented in Figure S1 .3 and Figure S1 .4 of Supplementary 1.
232
The software used to calculate the matrices [21] did not accept missing genotypes. As 233 described above, 0.4% of genotypes were missing and these were predicted using R The six traits could be differentiated into three distinct groups based on the scores of 253 their likelihood ratio tests for the various models ( with the estimates not differing significantly from 0 (P>0.05).
272
Estimates of the variance components with the HWE and NOIA approaches for all the 274 models and traits are presented graphically in Figure 1 . The summary table for the 275 models selected based on the likelihood ratio test are presented in Table 3 . 276 The simple A model gave the higher additive genetic variances, and the higher 277 heritabilities across all the traits. Addition of dominance in the models had no effect on traits, the differences observed among the models was up to 50%. For the best fit 293 models, the estimates of the heritabilities were low to moderate, ranging from 0.08 ± 294 0.03 for BL to 0.19 ± 0.04 for FY (Table 4) .
For BD and BWH, the traits for which the best fit model included additive by additive 296 epistatic effect, the additive by additive epistatic ratio (eaa 2 ) was 0.15 ± 0.09 and 0.17 297 ± 0.10 (Table 4) , and additive by additive epistasis was found to be 48% and 63% of 298 the total genetic variance for BD and BWH, respectively, but with large standard errors.
299
Various other papers with genomic epistatic models also report large epistatic where V is the relevant relationship matrix and the bar denotes averaging elements.
346
In this study, where the models go beyond the additive components, there are 347 additional reasons why components may differ. In the tilapia population studied here, 348 the additive variance, when dominance is assumed to be the source of non-additive 349 variation, gives a qualitatively different estimate to that obtained if additive epistasis is 350 assumed (see Supplementary 2) . Therefore, differences should be expected between 351 the current study and [1] . A further issue with this study was that the data used was 352 only a subset of the data used for [1] , although Figure S1 .5 of Supplementary 1 this study (see Table S1 .4 in Supplementary 1 ).
356
The outcome from objective comparisons of the pedigree-and genomic analyses 357 showed a qualitatively similar pattern of contributing sources of variance for all 6 traits 358 insofar as additive, maternal and non-additive variances. Some small differences were 359 observed: for example, the qualitative statistical significance for maternal ratio showed 360 differences for BT and BL although the quantitative outcomes for the maternal ratio 361 were similar. The evidence of non-additive genetic effects was found for the same 362 traits (BD, BWH) irrespective of the type of relationships used. However, as 363 mentioned above, critically, the genomics identified the source of non-additivity as 364 additive by additive epistasis rather than dominance.
365
Genomic models were robust to misspecification in partitioning the variance among 366 the components of the genetic and environmental models, and this robustness is 367 another potential cause of difference between genomic and pedigree models. This is the infinitesimal dominance detected or the inbreeding depression or the maternal 442 variances.
443
Nevertheless, for some traits substantial additive by additive epistasis was observed 444 even though it is expected that epistatic variance would be much smaller than the NOIA and HWE assumption approaches for the six traits. The ratios are: h 2 is additive; 677 d 2 is dominance; eaa 2 is additive by additive epistatic; m 2 is maternal; and e 2 is residual.
